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THESIS ABSTRACT 
Linnell , Lyle D. 1960 0 Soil-Vegetation relationships on a 
chalk flat range site in Gove County, Kansas. 
The purpose of this study was to determine t he soil-
vegetation relatiohships on a chalk flat range site. The 
research area used in this study was located i n the north 
half of section 33, township 14 south, range 31 west ad-
jacent to the Smoky Hill river in Gove County, Kansas. 
A line transect was established across the research 
area . The soil and vegetat i on were determined a l ong the 
transect . Soil descriptions were written at one-tenth of a 
mile intervals . The descriptions showed the soils consist-
ed of a deep, light colored friable silt loam and light silty 
clay loam developed on colluvial fans be 1 ow Niobrara chalk-
roe k bluffs . 
Textural analyses of t he soils were determined by t he 
hydrometer method . Tne analyses indicated the soils con-
tained a high clay co ntent . However, the high calcium car-
bonate content presumably accounted for this condition. The 
organic matter of the soils varied from Oo2 to 3 . 2 per cent; 
the pH ranged from 7 . 1 to 7 . 8 in the surface two horizons; 
the calcium carbonate content varied from 42.1 to 79.0 per 
cent . 
The intake rate of the soils was determined by cylin-
der inf iltrometers . Tne accumulative intake rate varied from 
1 . 42 to 9 . 36 inches per hour at the end of a four hour period. 
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The intake was greatest where little bluestem was the domi -
nant grass . Also , t h e variability of intak e rate v,as probab -
l y due to the immature natur e of the soil . 
A total of 88 plant s pecies was found on the research 
area . Tne p~rcentag e composition, frequenc y , and basal cover 
of the veg etation were determined by the point frame method . 
A total of 16 , 320 points were examined with 2,669 of these 
points intercepting c rowns of grasses . This gave an over all 
basal c over of 16 . 4 per cent . 
The dominant species of grass was side-oats grama . It 
made up 75 . 9 per cent of the s pecies composit ion . Buffalo 
grass occurred as pure stand island s and comprised 7.1 per 
cent of the composition . Salt grass ranked third in percent -
age composition with 6 . 3 per cent . Little blue stem and sand 
dropseed comprised 3 . 2 a nd 3.1 per cent of t h e composition, 
respectively . Big bluestem occ upied the more mesic h abitats 
and comprised 1 . 6 per cent of the composition . 
The forage yield was determined at t h e end of t h e g row-
ing season by t h e square meter or clip quadrat me t hod . The 
yield varied from 1 , 014 06 pounds to 3 , 764 . 7 pounds per acre. 
The dominant species in both instances was side-oats g rama . 
Where little bluestem occurred in nearly pure stands t h e 
yield v aried from 1 , 566 . 4 pounds to 2 , 2~5 . 0 puunds per acre. 
hen big bluestem occurred in a p ure but open stand it pro-
duced 3 , 364 . 1 pounds of forage per acre . The y ield of buf-
falo gras s in pure stands was 1 , 8 69 . 0 pounds per acre . 
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Il\1TR ODUC T ION 
The study of s oil-vegetation relationships is quite 
complex since it requ i res a knov;ledge of the soil a.nd the 
vege ta t ion associa ted with it. Therefore , the soil-vege -
tation rela tionship is a s i mportant as the water - fish relation-
ship. Plants adapt t hemselves to soil as fish do to water . 
Some fishes t hrive in salt water and s ome in fresh water . 
The s ame is true of p lants, some grow luxuriantly on medium 
textured soils and some only on coarse textured soils . 
The i mportance of soils and plants for life sustenance 
is wel l known. Donahue (1958) states that s oils of the world 
are important primari l y because t hey support plants . Plants 
feed the animals and aside fr om fish, man and his domestic 
animals are entirely d e pendent upon products f rom the soil. 
Soils and plants are interrela ted, each depend i ng a 
great d eal on the other. Alexander and Middleton (1952) 
explain that soil furnishes the plant an anchor f or its roots , 
water for its transpiration, minerals for its nutrition, and 
oxygen for its metabolism; whereas the plant play s a vital 
par t in determining the nature of t he soil. Plant life, along 
with animal life, is one of the f i ve gene tic factors deter-
mining soil charac t eristics. The other factors are climate, 
relief, parent roc k and time. 
Soil is as much a product of vegetation a s vegetation 
is a produc t of soil. Throughout the centuries vegetation 
has influenced the development of soil; by i ts presence in 
the soil , whether dead or a~ive , it profound l y affects soil 
structure, water absorption, perco l ation , and water reten-
tion, while the mantle of grassla nd above ground Drotects 
the earth like a garment (vreaver and Noll, 1935) • 
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Plants can be u s ed as soil indicators of the climatic 
conditions under which they were produced and the soils on 
which they grew (Shantz, 1938 ). Plants are valuable assets 
wnen making a soil survey by indicating soil tex ture, type 
or ser ies , and chemical characteristics , and the value of 
land for crop production . 
Albertson (1937 ) discusses t h e type of soil and grass -
es associated with the environment of a mixed prairie in 
west central Kansas . This study showed that the upland soils , 
consisting of a deep , dark, silty clay loam profile, were 
covered with buffalo gras s (Buchloe dactyloides) and b lue 
g ram.a (Bouteloua gracilis) in ahnost equal proportions. On 
the thin s oils of the slopes , near rock outcrops, little 
bluestem (A1rlropogon scoparius) e xcelled . In the moist low-
lands big bluestem (Andropo9on gerardi) was dominant . 
Climate as vrnll as soils determines the k ind of vege -
tation present on any r ange site (Tolstead, 1942) . Soils 
with aifferent textures cause a difference in the compo-
sition of veg etation. Topog raphy modifies aerial environ-
ment and causes local differences in vegetation . 
Anderson and Fly (1955) made a study of the ve6 eta-
tion in the F lint Hills area and classified it according to 
range sites . Six range sites v1ere set up on the bas is of 
vegetation present on the soil mapping units . 
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It is important to know the soil- vegetation relation-
s hips of different range sites and little research along this 
line has be en done on a chalk flat range site . Tne purpose 
of this study was to determine the soil- vegetation relation-
ships on a chalk flat range site . The research area used 
in this study is located in the north half of section 33 , 
township 14 south , rang e 31 west adjacent to the Smoky Hill 
river in Gove County , Kansas . It is i mmed iately west of the 
famous Smoky Hill Pyramids . According to Fly (~946) the 
area lies in the west Kansas breaks and canyons section . 
The area studied is used primarily for g rass seed pro-
duction with some winter grazing . 
The author hopes the information contained in this 
thesis will be of some va~ue to the people connected with the 
technica~ phase of farm and ranch planning as well as to the 
farmers and ranchers themselves . 
l.1ETHODS 
A line transect was established 175 feet east and 100 
feet south of the northwest corner of section 33 , township 14 
south, range 31 west, extending eight-tenths of a mile toward 
the southern tip of the northern group of pyramids (Fig. I) . 
Nine soil profile descriptions were written along the 
line transect at one - tenth of a mile intervals . Soil sam-
ples were collected at each profile site for chemical and 
mechanical analyses . The samples were taken from each major 
soil horizon . 
The intake rate of the soil was determined by the use 
of cylinder infiltrometers (Raise, et al, 1956) . These in-
filtrometers consisted of five cylinders 12 inches in length 
and with inside diameters of 10 , 10½, 11, 11½, and 12 inches . 
The cylinders were driven into the soil to a depth of six 
inches . To avoid puddling the surface soil when filling the 
cylinders , a burlap sack was placed in the cylinders next 
to the soil . Each cylinder was filled with wa~er to approx-
imately an inch from the top . A reading was taken immedi-
ately after filling the cylinders to prevent any error due 
to the initial intake . The water level was maintained in 
the cylinders by adding water when nec essary . A reading was 
taken just prior to the addition of water and immediately 
afterwards . A nook gage and the 50 scale on an engineer-
ing scale were employed in making the readings . Two readings 
were taken au five , ten, 15, 20, 30 , and 60 minute intervals 
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over a four hour period . 
The point frame method was used to determine the per-
c entage c omposition , frequency and basal cover of the veg e -
tation ( Levy and Madden , 1933) . The point frame consisted 
of ten pins each two inches apart mounted in a frame . This 
frame wa~ plac ed approximately end to end along the line 
transec t and eac h point was examined to determine if it inter-
cepted a c rown of grass . The number of interceptions on 
vegetation and bare ground was re c orded for the ten pins in 
eac h sample . A total of 1 , 632 samples or 16 1 320 points 
wer e taken along the transect . 
The square meter or c l ip quadrat was employed in deter-
mining the seasonal forage yield . This method has b een us ed 
by severa l American investigators in securing yields (Sampson, 
19 14 ; Sarvis , 1923 ; Taylor and Loftfield 1924; Canfield, 1939 ; 
and Hein and Henson ., 1942) . Yields were taken at the end of 
the growing season along the line transect at each soil des -
c ription site and between each site . Three additiona l quad-
rats were clipped beyond the transect toward the pyramids . 
The grass was clipped at crown heit?;ht and air dried . The 
air dried material was weighed on a gram scale and then con-
ve~ted to pounds per a c re . A total of 20 quadrats were clip-
ped and on l y the tota l g rass yield was determined . 
Scientific and common names of grasses used in this 
thesis agree with Hitchcock and Chase (1950) . Nomenclature 
for broad leaved herbaceous plants follows Rydberg (1932) . 
Environmenta l conditions were obtained from the United 
l 
Figure I . A view of the line transect from site 
one looking toward the pyramids . Little 
bluestem (Andropo~on scoparius) habitat 
with abundant whi e millCT1ort (Polygala 
alba) in the foreground . 
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CLIMATE 
The research area lies in the 15 to 19 inch rainfall 
belt with the ma jor portion of the precipitation falling 
during the growing season (A~ril to September, inclusive). 
The average length of growing season is 167 days, with a 
normal annual mean temperature of 53.2°F. The average first 
killing frost in the fall is October 14 (Healy , Kc1.nsas ) and 
the average last killing frost in s pr ing is April 30 (He a l y , 
Kansas). 
At least one 30-day drought and sometimes as many as 
three occur during the growing season. Tnis undoubtedly has 
an influence on the vegetation. 
Environmental conditions in this area during the gr ow-
ing season of 1959 were rather adverse Tne mean temperavure 
in April was 1.4 and 0.5 degrees below normal at Healy and 
Oc1.kley, Kansas respectively (Table I). Ht;aly is approx-
:i..mately 15 3/4 miles south, southeast of t he research area 
and Oakley is approximately 22 1/2 miles north, northwest. 
Temperatures during May , June, and August wer e slightly above 
norIT~l at both stations; while during July and September the 
mean temperature was 2.6 to 4.0 degrees below normal. 
Precipitation at Eikador, Kansas during this period 
was 2.69 inches below normal (Tables I, II, and F i g . II). 
Elkador is located four miles west of the study area. The 
drought persisted through the first four months of the growing 
season with June showing the greatest deficit. The rainfall 
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TABLE r. Temperature, precipitation, and deviation from norm-
al f or the growing season of 1959 at the indicated 
stations. T - temperature; N - normal; D - devia-
tion; P - precipitation , (continued on next page). 
Temperature (Degrees F •) 
Month Apri l Hay June 
T. N. D. T . N. D. T . N. D. 
Rea.Ly 51 . 3 52 .7 -1.4 63 . 4 62 .0 1 . 4 75.4 73 .0 2 . 4 
Oakley 51 . 7 52 . 2 -0.5 62 .7 61 . 4 1. 3 75 . 6 72.1 3 . 5 
Precipitation (Inches) 
P. N • •:~ D. P. N. -~ D. P. N • .. D. 
Elkador . 39 1.04 -.65 2 .06 2.39 -0. 33 0.51 2 . 99 - 2 . 48 
Healy . 43 1 . 60 -1.17 2 .12 3 . 60 -lo 48 1.74 3 . 32 -1. 58 
Oakley . 88 1.56 -. 68 1.15 3 . 26 - 2 . 11 0.94 3 . 38 - 2 . 44 
P. N. -l} 'h'- D . P. N. -:h:- D . P. N. *-l} D . 
Hea ly . 43 1.76 -1. 33 2 .12 3 .18 -1.06 1.74 2 . 92 - 1 .18 
Oakley . 88 2 .09 -1. 21 1 . 15 2.93 - 1 . 78 0.94 3 . 49 - 2 . 55 
-it-short term normal precipitation for the years 1950 , ' 51 , 
1 53 , 154 , 155 , 156 , 157 , and 1 58 . 
**Long term normal precipitation. 
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TABLE I . (continued). 
Temperature (Degre es F •) 
.l\11.unth July August September 
T . N. D . T . N • D . T . N. D . 
He a ly 7506 79 .6 -4.0 79.4 77 . 8 1.6 66.l 69 .l - 3 .0 
Oa k ley 76.l 78.7 -2. 6 79.0 77 .2 1.8 65.5 68 .7 - 3 o2 
Pree ipita t ion ( Inches ) 
P. N.* D . P. N • -~ D . P. N • 'h'- D. 
Elkador 2 .75 3.18 -0. 43 3 . 30 2 . 58 0.72 1.38 0 . 90 0 . 48 
Healy 3.78 3.70 0.08 3 . 41 3 .07 0.34 2.21 1.71 0 . 50 
Oakley 1. 98 3 . 43 -1.45 2 . 85 2 . 79 0.06 3 . 86 1 . 14 2 . 72 
P. N. --~-l~ D. P. N. *-¾} D. P. N. *~- D. 
Hea l y 3 . 78 2 . 40 1. 38 3 . 4 1 2 . 72 0. 69 2 . 21 1.24 0 . 97 
Oakley 1.98 3 .10 -lol2 2 . 85 2 . 45 0. 40 3 . 86 1 . 42 2 . 44 
--~Short term norma l precipitation for the years 1950, 151, 
1 53 , 154 , 1 55 , 1 56 , 1 57 , and 1 58 . 
'H'--. 'Long term normal precipitation. 
11 
for April, May, June, and July was .65, . 33 , 2 . 48 , and . 43 
inches, respectively, below normal. Precipitation in August 
and S?ptember was .72 and . 48 inches above normal . Deficient 
moisture plus above normal temperature (May and June) during 
the first two-thirds of the growing season undoubtedly had 
considerable impact on the growth of t he vegetation. 
Precipitation during the 1959 growing season at Healy 
and Oakley showed a defic iency similar to Elkador . The 
drought prevailed for the first three months at Healy aud t he 
first four months at Oakley (Tables I, II, F i g . III and IV ). 
Elkador is the nearest precipitation recording station 
to the research area. Due to the limited number of years 
of precipitation recorded at Elkador, it was necessary to 
average the available data and consid er i t as a short term 
average. The years included in t he average were 1950, 151, 
153, 1b4, 1 55, 1 56 , 157, and 158 . Precipitation for 1952 
was missing. F or comparison, the same years of precipitation 
were averaged at Healy arrl Oakley . These latter averages 
were also compar ed with the long term averages . It was f ound 
that the short term averages were higher at Healy t han a t 
Oakley; however, the reverse is true for t he long term 
average . The long term average i ncludes all precipitation 
data since weather records have been kept at t he two locations . 
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TABLE I I. Total precipitation for the 1959 growing season 
and deviation from normal at the indicated loca-





















15 . 48 
Deviation 
- 2 . 69 
- 3 . 31 
- 3 . 90 
Deviation 
-0.53 
- 3 . 82 
*Short term normal precipitation f or the years 1950 , ' 51 , 
'53, 154, 155, '56., 157 ., and 158 . 
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Figure IV . Prec ipitation at Oakley , Kansa~ . 
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SO I LS 
'J_1he soils consisted of the 11 Berra112 silt loam series 
and have the mapping unit symbol M473 • These soils are dee p , 
light colored, friable silt loams a nd l i ght silty clay loams 
developed on colluvial fans below Niobrar a chalkr oc k bluffs 
(F ig. V). By the constant de position of partially weathered 
chalkrock from the bluffs above, t h e soils are ke pt in a n 
infant state of development. Therefore, t hey have an AC 
( i mmature) soil profile. The slopes vary from one to t wo and 
one-half per cent to the south and have a sligh t concave 
appearance. 
The geolog ical formation present is t he Niobrara which 
is one of the formations compr i sing the Cretaceous system 
(Moore et al, 1951). The Smoky Hill chalk member of t he Nio-
brara is the exposed rock. 
The parent material of t he "Berra" soils consists pr i -
-marily of partially weathered Niobrara cha l kr ock . The so i ls 
are developing under a mid-grass vegetation a nd a s emi-ar id 
2"Berra11 silt loam is a tenta t i ve soil series name 
proposed and used in t he Standar d Survey of Logan Count y , 
Ka nsas for soils derived pr iraarily from Ni obr ara chalkroc k . 
It has been correlated but is not an e s taol i shed series. 
3The complete symbol would be 1M47, but t he one has 
been omitted. The omission of the f irst d i g it of t he ma pping 
unit symbol means the soil is 60 inches de ep or deeper. The 
second digit or letter refers to the soil tex ture and the 
third indicates t he permeability of t he soil. The tex ture of 
this soil is medium with moderate permeability • . Tne f ourth 
dig it is used to separate this soil from other dee p , medium 
textured, moderately permeable soils. 
F i gure V. General view of Niobrara chalkroc k bluffs 
that continua lly supply the area with raw 
cha l k material. 
17 
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climate. They are well drained a nd absorb water read ily . 
The following profile des er i pt ions of II Berra11 silt 
loam are repr esentative of t he area stud ied . By examining 
the profile descriptions, it appeared t hat t he s oil was 
fairly uniform across the area . However, the i nf iltration 
data s h owed the soil to be quite variable . An abundance of 
little bluestem (Andr opog on scoparius) was present at t he 
first site (F i g . VI} . The vegetation on t he remainder of t he 
sites was dominated by side-oats grama (Bouteloua curtipendula) 
(Fig . VII ). 
The number one profile description is at t he b.eg inning 
of the line transect at approximately the northwest corner of 
section 33 , T. 14S., R. 31W. Each successive profile descrip-









Pale brown (lOYR 6/ 3 dry ) to dark brown 
(lOYR 6/3 moist); light silty clay loam 
texture; weak fine granular structure; 
dry slightly hard , moist friable; roc k 
fragments one-fourth inch in diameter 
to minute; numerous worm casts; abun-
dant fine roots; v i olently c a l careous. 
Brownish yellow (lOYR 6/6 moist); sil ty 
clay loam texture; we ak fine granular 
structure; dry slightly hard , moist 
friable; r oc k fragments one-fourth 
inch in diameter to minute ; numerous 
worm casts; abundant fine roots; vio-
l ently calcareous. 
F i gure VI . Close-up view of little blue stem (An-
dropog on scoparius) habitat at siteone. 
The f orb i s white milkwort ( Polyga la 
alba) . 
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Figure VII . Close- up view of side - oats grama 
(Bouteloua curtipendula) habitat at 
















42-65 11 ,' 
Description 
Light yellowish brown (l0YR 6/4 moist); 
silty clay loam texture; massive struc-
ture; dry slight ly hard, moist friable; 
rock fragments one-half inch in diam-
eter to minute; plentiful fine roots 
to 36 inches; violently calcareous. 
Partially weathered Niobrara chalk-
rock highly stratified with colors 
varying from reddish yellow (7.5YR 7/6) 
to yellow (l0YR 7/7). 
Number 2 
Des cr iption 
Grayish brown (l0YR 5/2 dry) to dark 
brown (l0YR 4/3 moist); light silty 
clay loam texture; weak fine gr anular 
structure; dry slightly hard, moist 
friable; numerous worm casts; abundant 
fine roots; strongly calcareous. 
Ye llowish b own (l0YR 5/6 moist ); silty 
clay loam t exture ; weak moderate gran-
ular structure; dry slightly hard, moist 
friable; numerous worm casts; abundant 
fine roots; violently calcareous. 
Very pale brown (l0YR 7/4 .dpy) to yel-
lowish brown (l0YR 5/6 moist) ; silty 
clay loam texture; weak granular to 
massive structure; dry slightly hard , 
moist friable; plent iful fine roots 
to 40 inches; some CaS04 mottling 
commencing at 30 inches; violently 
calcareous. 
Yellow (l0YR 8/6 dry) to yellow (lOYR 
7/6 moist); silty clay loam texture; 
massive structure; dry soft, moist 
friable; CaS04 mottling throughout 
















Light yellowish brown (l0YR 6/4 dry) 
to yellowish brown (l0YR 5/ 4 moist); 
silty clay loam texture; weak f i ne 
granular structure; dr y sl i ghtly har d , 
moist friable; numerous worm c asts, 
abundant fine roots; violently cal-
careous. 
Very pa le brown (l0YR 6 . 5/ 4 dr y ) t o 
yellowish brown ( l0YR 5/5 moist); si lty 
clay loam texture; weak fine granular 
s tructure ; dry slightly hard moist 
f riable; numerous worm cas t s; abun-
dant f i ne root s; v i olently ca lcareous. 
_Yellow (l0YR 7/o) t o brownish yellow 
(l0YR 6/7 moist); silty clay loam 
tex ture : weak gr anul s.r t o mas s i ve 
structure; dr y slightly hard , mois t 
friab le; few worm cas ts; plentifu l 
fine roots; violently ca lcareous . 
Yellow ( l 0YR 8/ 6 dry) to br ownish 
yellow (l0YR 6/ 7 moist); s i l ty clay 
loam texture ; massive s t ructure; dr y 
soft, moist f r i abl e ; CaS04 mottl i ng 
throughout; few f ine roots i n upper 
part of h or izon to none a t 45 i nches; 
violently calcareo us. 
Number 4 
De scr ipt i on 
Pale brown (l0YR 6/ 3 dr y ) to brown 
(l0YR 4.5/v moist); light s i lty clay 
loam tex ture; weak f ine gr anu l ar struc-
ture; dry slightly hard, moist f r i ab le; 
numerous worm ca s t s; abundant f ine 
roots; violently ca lc are ous. 
Very pale brown (l0YR 7/4 dry) to yel-
lowish brown (l0YR 5/ 0 mo i s t); s i lty 
clay loam texture; weak fine gr anular 
structure; dry slightly hard mo ist 
f r i ab le; numerous worm casts; abundant 






Number 4 (continued) 
Depth 




22-65 11 f 
Description 
Ye llow (lOYR 8/5 dry ) to brownish yel-
low (lOYR 6/ 6 moist); silty clay loam 
texture; massive structure; dry slight-
ly hard, moist friable;; few fine roots 
in upper part of hor izon to none be -
low; mottling with CaS04 over 50 per 
cent of matrix ; violently calcareous. 
Number 5 
Description 
Pale brown (lOYR 6/3 dry) to dark yel-
lowish brown (lOYR 4/3 . 5 moist) ; silty 
clay loam texture; weak fine gr anular 
structure; dry slightly hard , moist 
friab le; numerous worm casts ; abundant 
fine roots; violently calcareous. 
Very pale br own (lOYR 7/4 dr y ) to 
brownish yellow (lOYR 5 . 5/o moist); 
silty clay loam texture ; weak medium 
and fine granu lar structure; dry 
slightly hard, moist friable; numerous 
worm casts; abundant fine roots; vio-
lently calcareous. 
Ye llow (lOYR 8/5 dry ) to yellow (lOYR 
7/6 moist); silty clay loam texture; 
massive struc ture; dry slightly hard , 
moist friable ; plentiful fine roots to 
50 i nches; mot tling with CaS04 through-
out horizon; par tially weathered Nio-
brar a chalkrock was encountered at 50 
inches; fhe colors rang ed from very 
pale brown (lOYR 8/3 . 5 dry) t o light 















J;iescr ipt ion 
Light brownish gray (l0YR 6/ 2 . 5 dry ) 
to dark brown (l0YR 4/3 moist); light 
silty clay loam texture; weak f i ne 
granular s t r ucture; dry slightly hard , 
moist friablej nmnerous worm casts; 
abundant fine roots ; violently calcareous. 
Ver y pale brown (l0YR 7/ 4 dry ) t o 
yellowish brown ( l0YR 5/ 6 mois t); silty 
clay loam text ure; we ak fine granular 
to massive structure ; dry slightly 
hard , moist f r iable ; abundant worm 
casts ; abundant fine roots; viole ntly 
calcareo·us . 
Yellow (l0YR 7 . 5/ 6 dr y ) to br ownish 
ye llow ( l 0YR 6/6 moist); silty clay 
loam tex ture; massive structure; dr y 
soft, mo i st f r iab le; plentiful fine : 
roots t o 4 feet; some mottling with 
CaS04 at 30 inche s becoming more pro-




Light brownish gr ay (l0YR 6/ 2 . 5 dry ) 
to dark br own ( l0YR 4/3 moist); l i ght 
silty clay loam texture; weak f ine 
granular structure; dry slightly hard , 
moist f r .iable ; numerous worm casts; 
abundant fine r oots; violently cal-
careous . 
Light yellowish brown (l0YR 6 . 5/3 . 5 
dry ) to yellowish brown (l0YR 5/4 moist) ; 
silty clay loam texture; weak fine 
gr anular structure; dry slightly hard , 
moist friable; numerous worm casts; 















De script ion 
Very pale brown (l0YR 7/4 dry) to 
yellowish brown ( l0YR 5/6 moist ); 
silty clay loam texture; weak gr an-
ular to massive structure; dry slightly 
hard, moist friable; abundant worm 
casts ; plentiful fine roots; violently 
calcareous. 
Very pa l e brown (l0YR 7/4 dry) to 
yel lowish brown (l0YR 5.5/6 moist); 
silty clay loam texture; massive 
structure; dry soft, moist friable; 
plent iful fine roots to 4 feet; some 
CaS04 mottling a t 30 i nches becoming 




Pale brown (l0YR 6/3 dry) to dark 
yellowish brown (l0YR 4.5/4 moist ; 
l i ght s ilty c lay loam texture; weak 
fine granular structure; dry slightly 
hard; moist friable; numerous worm 
cas ts ; abundant fine roots; violently 
calcareous. 
Very pale brown (l0YR 7/4 dry) to 
yellowish brown (l0YR 5/5 moi st); 
silty clay loam textur e; weak granular 
to massive structure; dr y slightly 
hard, moist friable; numerous worm 
casts; abundant fine roots; violently 
calcareous. 
Very pa le brovm ( l0YR 7 .5/4 dry) to 
yellowish brown (l0YR 5.5/6 moist); 
silty clay loam texture; massive 
structure; dry . soft, moist friable; 
plentiful fine roots to 4 feet; vio-










Light gray (l0YR 7/1.5 dry) to brown 
(l0YR 4.5/3 moist) ; silty clay loam 
texture; weak fine granular structure; 
dry slightly hard , moist friable; num-
erous worm casts; abundant fine roots; 
violently calcareous . 
Very pale brown (l0YR 7 . 5/4 dry) to 
brownish ye llow (l0YR 6 . 5/o moist ); 
silty clay loam texture; weak granu-
lar to mass i ve structure; dry slight -
ly hard , moist friable ; few worm casts; 
abundant fine roots; violently calcar-
eous. 
Yellow (l0YR 8/5 dry) to yellow (l0YR 
7/5 moist); s i l ty clay loam texture; 
massive s t ructure; dry sof t, moist 
f riab le; plent i f ul fine roots to 4 
feet; mottling with CaS04 throughout 
horizon becomi ng more abundant with 
depth; violently calcareous. 
Texture 
Soil texture re f er s to the proportions of s a nd , silt, 
and clay present in the soil mass . It may be coarse, med ium, 
fine, or very fine depending on t he groups of part i cles t hat 
dominate (Lyon and Buc kman, 1950) . 
The texture of t he soils was determined by the hydro-
meter meth od (Bouyoucos ., 1951). Most of the s amples , espec -
ially those of the second horizon, showed an extremely high 
clay content (Table III) . However, the infiltra tion data 
disputes these res ults as far as clay content is concerned. 
Usually a soil containing a high clay content has a low to 
very low infiltration ra~e. These soils, however , take water 
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TABLE III. Soil textural analyses of h oriz ons a t each pro-
file site. 
Site Depth Sand Silt Clay 
Inches % % % 
1 0-2 12.4 49 .6 38 .0 
2-5 14 . 8 81.6 3 . 6 
5-65 20.8 75.6 3 . 6 
2 0-2 . 12 .0 56 . 4 31.6 
2-17 18.8 30.3 50 o9 
17-65 16.8 80 o3 2.9 
3 0-4 l3 o4 46 . 4 40 . 2 
4-17 10.2 41 . 2 48 . 6 
17-65 18.2 79 . 2 2 . 6 
4 0-3 16.2 44 . 9 38 . 9 
3-29 l0o2 28 . 9 60 . 9 
29-65 5 . 8 91 .3 2o9 
5 0-3 7 . 8 49 . 0 43 . 2 
3-22 1.4 32 . 4 66 . 2 
·22 - 65 15.8 81.0 3 . 2 
6 0-3 12.0 51 06 36 .4 
3-22 2 . 8 36 . 8 60 .4 
22-65 4 .4 91.2 4 . 4 
7 0-3 12.0 49 . 6 38 . 4 
3-10 8 .0 36 . 6 55 . 4 
10-65 4 . 4 33 . 2 62 . 4 
8 0-3 3.2 44 .0 5 2 . 8 
3-25 2.0 37.2 60 . 8 
25-65 6.0 37 . 2 56 . 8 
9 0-12 17.8 34.1 48ol 
12-24 14 . 6 32.6 52.8 
24-65 12.6 83.4 4.0 
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very readily. In fact, water pe ne trates into them at a 
much faster rate than it does into an ordinary upla nd silt 
loam which contains about one half as much clay as ind i cated 
by these samples. The indicated high clay content may be 
due to the very high percentage of calcium carbonat e present 
(Tab le IV). Since the calc ium carbonate particles will fall 
in t he clay size range, they stay in suspension with the clay 
and cause the soils to show a large amount of clay. 
Chemic a l CHaracteristics 
The chemical character i stics of the soils were deter-
mined by the Agronomy Department , Kansas State University , 
Manhattan, Kansas. The soils , in general , showed a low 
organic matter content wi th t he s urface horizons showing the 
largest perc entage (T ab le IV ). The organic matter conte nt 
of soils is usually highest in the surface horizons.· 
Soil pH or chemical composition refers to t he relative 
amount s of ac idity or a l ka l inity of t he s o i l. Accord i ng to 
t he Soil Survey Staff (1951) the intensity of so i l ac id i t y 
or alkalinity is expressed in pH or t he logarithm of t he 
reciprocal of t he hydr ogen ion concentration . By this nota-
tion, pH 7 is neutral with lower values ind i cating ac idit y 
and h i gher values showing alkalini ty. So il h or i zons vary 
in pH from a lit t le below 3.5 to a l i t tle above 9 . 5 . 
The pH ranged from 7.1 to 7.8 i n the surface t wo hor-
izons which is a rather low pH for soils of t his nat ure 
(Table IV). This is poss ib l y due to the concentration of 
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exchangeable potassium pre sent since an a ccumulation of 
soluble salts tend to ca use a de pres s ed pH . It i s t he 
author' s op i nion that t he concentration of exchangeab le 
potassium in the surface hor izons may be due to t he pos it i on 
of t he soil . The soi l l i es below an outc r opp ing of Niobrara 
cha lkroc k which cont i nua lly supplies it with raw material . 
Th is also aids in keeping the soil i n an i nfant stag e of 
development . 
The calcium carbona te conte nt was extreme l y high . It 
var i ed f rom 42.1 t o 79.0 per cent (Tab le IV ). Tnes e soils 
are der i ved mainly fr om Niobrara chalkrock which consist s 
dominatly of calcium carbona te (Appendix III) . This wou ld 
indicat e t hat t hey are in a y outhful state of development . 
The chemic a l characteristics of soils derived from 
cha l kroc k material in t he British I sles are quite comparab le 
to t he chalk soils of t he research area (Perring , 1959 ) . 
Perring ' s analyses were mad e on samples take n f rom t he sur -
face one to two i nch de pth . Th e per cent of organic c arb on 
var i ed f rom 5 . 48 to 10 . 02 ; carbonates f rom 44 . 3 to 59 . 9 ; 
exchangeable potassium (mg/lUO g so:Ll) from 10.2 to 14.4; 
and pH fr om 7.1 to 7.2. With t he exce ption of the extremely 
high organic carbon conte nt, the othe r c onstituent s were 
comparable to the result s obtained f rom the chalk soils 
of t he research area. 
The chemical analyses of t he s oil compared f avorab ly 
with the analyses of t he Smoky Hill member of t he Niobrara 
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TABLE rJ . Soil chemic al characteristics of all sites . 
Site Dept h Organic pH Avail. l:!;xch . Cac03% 
Inches Matter % 1:1 P7 05 KlO #A # A 
1 0 - 2 1 . 4 7 . 1 43 235 68 . 2 
2 - 5 1 . 1 7 . 3 40 106 65 . 8 
5 - 65 0 . 5 7 . 4 30 122 71 . 2 
2 0-2 3 . 2 7 . 6 12 550,' 42 . 1 
2 - 17 1 . 2 7 . 4 24 257 70 . 0 
17- 65 0 . 3 7 . 4 40 128 71 . 0 
3 0 - 4 2 . 6 7 . 4 22 550,' 53 . 7 
4 - 17 1 . 4 7 . 5 17 435 65 . 8 
17- 65 0 . 2 7 . 5 28 116 58 . 4 
4 0 - 3 1 .9 7 . 5 16 395 63 . 2 
3 - 29 1 . 3 7 . 7 17 161 76 . 4 
29 - 65 0 . 2 7 . 5 28 106 57 . 9 
5 0 - 3 2 . 6 7 . 6 10 512 57 . 9 
3 - 22 1 . 3 7 . 4 26 206 73 . 7 
22- 65 0 . 4 8 . 4 24 88 71 . 2 
6 0 - 3 2 . 2 7 . 2 14 550f 39 . 5 
3 - 22 1 . 0 7 . 2 22 185 76 . 4 
22- 65 0 . 4 8 . 1 30 111 71.2 
7 0 - 3 1 . 9 7 . 8 17 550 60 . 4 
3 - 10 1 . 0 7 . 7 28 384 6802 
10- 65 0 . 6 7.6 60 178 57 . 9 
8 0-3 2 . 2 7 . 6 16 545 68 . 2 
3- 25 0 . 9 7.5 16 308 63 o2 
25 - 65 0 . 6 7 . 7 22 263 68 . 2 
9 0-12 1 . 4 7 . 5 20 379 73.7 
12- 24 0 . 6 7 . 7 27 144 79 . 0 
24- 65 0 . 2 8 . 8 28 77 68 . 2 
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formation (Table rv and Appe ndix III). The samples analyzed 
of the Smoky Hill member were taken f rom t he sw¼ 34, T . 14S , 
R. 31W., Gove County, Kansas (Mi ller, 1958). This s ample 
area is acijacent to the author's research area . The analyses 
of the soil was not as complete as t he analyses of the Smoky 
Hill member . 
The percentage of CaC03 was extremely high in both 
the soil and raw chalkrock . The percentage of CaC03 in 
Appehdix III was determined by adding the amounts of Cao 
and D. L. o . I . 600°/1000° C (d ifferential loss on i gnition 
from 600 to 1000 degrees centigrade) . The D. L. o. I . from 
105 t o 550 degrees centigrade was interpreted to represent 
the loss of organic matter . 
Miller (1958 ) found the Smoky Hill member of t he 
Niobrara formation consisted of ca cit e (ma jor const i t uent ), 
quartz, and vary ing amounts of montmo1~illonite, illite, 
kaolinite , and gypsum. Traces of chlorite? and d olomite? 
were also detected . 'Tne chemical analyses showed t he CaC03 
content varied from approximate l y 63 to 80 per ce nt . The 
silica content varied from less than eight to a ppr ox i mate l y 
20 per cent . The Mn02 was pra~tically nil wh ile the organic 
matter content varied from 2 . 17 to 3 . 38 per cent . 
Intake Rate 
The sites for infiltration studies wer e s elected by 
studying the soi l profile descriptions and vegetation along 
FORSYTH LIBRARY 
FORT HAYS KANSAS STATE COLLEGE 
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the line transect. The ones selected were cons idered r epre-
sentat i ve of t he area. 
It was f ound t hat where lit t l e bluestem (Andr opog on 
scoparius) was dominant t he i nf iltrat ion wa s cons ider ab l y 
higher t han where side-oats grama (Bouteloua c ur tipendu l a ) 
was d omina nt (Append i x I, A). The profi le d escripu ion, 
where little blue s tem wa s d ominant , will s how t ha t par t ially 
weat hered cha l kr oc k f r agments vary i ng in size f rom one-half 
inch to minute were present t hroughout. These f r agments no 
doubt increase t he permeability of t he s oil. 
The accumula tive inta ke r a te of t he five cyl i nder s 
varied f rom 4 .64 to 9 .36 inches per h our a t t he e nd of a 
four h our period a t s oil profi l e site numb er one (Append i x 
I , .. A). The average acc umula tive i ntake r at e of t he five 
cy linders at t he e nd of t he sam per i od was 6 . 95 inches per 
hour. Th i s informa tion was plot t ed on a gr aph a nd sh owed 
tha t t he initial i nt ake rate was r ap id aud t hen gr adually 
tapered off to a fairly uniform i nt ake r a te (F i g . VI II J. 
Append i x I, B contains t he data co l l ected a t s oi l 
profile s i te number five. The accumula tive intake r a ~e of 
t he five cy linders var i ed f r om 1. 42 to 3 . 56 i nche s per hour 
a t t he e nd of f our hours. The average accumulative intake 
r a te of t he five cy linder s a f ter f our hours wa s 2 . 57 i nche s 
per h our (F i g . IX)". The i ntake r ate was rap id a t first t he n 
leveled off to a f airly constant rate. 
The a ccumulative intake rate of t he f ive cylinders at 
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soil profile site number nine var ied from 1.24 to 6.14 inc hes 
per hour at the end of a four hour per iod (Appendix I , c. 
The average accumulative intake rate of t he five cyl inners 
at t he end of four hours was 3 . 83 inches per hou~ (F i g . X) . 
Practically t he same p icture is presented here as in the 
other t wo graphs . 
The average accumulative int alrn rate of t he 15 cy linders 
at the three separa·Ge profile sites varied f r om 2.43 to 6. 35 
i nches per hour a t t he e nd of a four hour period (F i g . XI). 
The average accumulative intake rate of the cy linders at 
t he end of four hours was 4 .45 inches per hour. 
The infiltration data shows how variable t he soils 
are acr oss t he r esearch area as far as intake rate is con-
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Figure D{ . Intake curves plott ed from average accumu-
lative intake data at soil profile site 
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Figure x . Intake curves p l otted from average acc umu-
lative intake data at soil profile site nine 
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F i gure xr. Intake curves plotted from the average 
of t he average accumulative int ake data 
at soil profile sites one , five , and 
nine (Appe ndix I , A, B, & C). 
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VEGETATION 
A list of p lant s pecies present on t he res earch area 
was mad e near t he midd le of the growing season (Appe nd i x II ). 
Some early season plants were pr obab l y missed . Since t h is 
area has been used pr imari l y for g rass seed production it h as 
·been s pr~yed occasional l y with a c hemical weed s pray . There -
fore, a similar grassland nearby was st udied to de termine if 
any plants had b een killed by t he s pray. 
Although many species may h ave been mis sed a total of 
88 p lants were found . Of th is total, 20 s pecies were g r as s-
es, 65 s pecies were f orbs a nd three were shrub s. The mos t 
common family was gramineae followed very closely by compos-
itae1 with leg uminosae being only half as prevale nt as the 
latter. 
Cover, Composition, and Frequenc y 
The pe rcentag e compos ition, basal cover and frequenc y 
of the vegetation was d e t ermined by the p oint frame method. 
A total of 16,320 points were examined with 2 , 669 of t hes e 
p o ints intercepting crown s of g r asses. This g ave an over-all 
b asal cover of 16.4 per cent . 
The d ominant species of grass was side-oats grama 
(Bouteloua curtipendula) (F i g . XII). It mad e up 75.9 per 
cent of the species composit ion and had a 67.5 per cen t fre -
quency (Table VI). Side-oats g rama varied- from 55.4 to 88 .7 
per ce nt of the composit i on between sites along t h e transect 
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Figure XII . General view of area showing abundant side-
oats grama (Bouteloua curtipendula) with 
white beard tongue (Pentstemon albidus) 
and desert princesplume (Stanleya pinnata) . 
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while the perc e nt age frequency varied from 54 to 78 . 5 per 
cent (Table V). Little b l uestem (Andropogon scoparius ) occurr-
ed quite abundantly at the beg inning of the line transect 
where t he soil was more porous due to r oc k fragment s through-
out t he profile (Fig . XIII ). This particular site was sit-
uated on a slight knoll . Little bluestem comprised 3 . 2 per 
cent of the composition but var i ed fr om 0.0 to 13.9 per cent 
between sites (Tables V and VI). The percentage frequency 
varied from o.o to 13 .0 per cent with an average of 2 . 6 . 
Salt grass (Distich l i s str i cta) was. pres ent pra:ctic-
ally all t he way across the area but became more abundant in 
t he slightly depressed areas~ It ranked t hird in percentage 
composit i on with 6.3 per cent (Table VI) . The perce ntage 
compos i tion var i ed from o.o to 16.6 per cent between sites 
along the transect (Table V). The averag e per c entage fre-
quency was 8 . 8 per cent but var i ed from o.o to 24 . 3 . Buffalo 
grass (Buchloe dacty loides) occurr ed a s pure - stand island s on 
the more level, flat areas (F i g XIV ). I~ c omprised 7 . 1 per 
cent of t he composition but occurred i n only 4 . 6 per cent 
of t he samples (Table VI). It varied f r om 0 .0 to 22 . 4 per 
cent of t he composition between s ites. 
Bi g bluestem (Andropog on gerard i) occ upied a depres -
sional area toward t he eastern end of the tr ansect where 
some additional water accumulates . I t was growing also in 
association with little bluestem toward the wester n port i on 
of the study area. Bi g blue stem comprised 1.6 per cent of 
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Figure XIII . General v iew of are a from site one show-
i ng little bluestem (Andropogon scopar-
ius) community with white milh'Wort 
T'Pu'lygala alba) . 
Figure XIV . c~ose - up view of pure stand island of 
buffalo grass (Buchloe dactyloides) . 
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the composition but varied from o.o to 10.4 per cent between 
s ites along t he transect. The per ce nt freque ncy averaged 1.8 
per cent but varied from 0.0 to 10.7. Sand dropseed (Spurobolus 
cryptandrus) occurred practically throughout t he research 
area and made up 3.1 per cent of the composition. Tc varied 
from 0.0 to 9.9 per cent of the composition between s it es and 
was found in 3 .9 per cent of the samples (Tab les V and VI). 
The f ollowing species of grass included 2 . 8 per ce nt 
of t he compos i tion: Western wheatgrass (Agropyron smithii) , 
blue grama (Bouteloua gracilis), Texas crabgrass (Schedon-
nardus pa niculatusl , tall dropse ed (Sporob olus asper ), hairy 
dropseed (Sporobolus pilosus) and three awn grasses (Aristi-
da, spp.). 
F orage Prod uction 
Forage yield was determined at t he end of t he grow~ 
ing season. Clippings were made during t he first t wo we eks 
of October, 1959. 
The yield varied fr om 1,014.6 pounds at site 5.5 to 
3,764.7 pounds per acre at s ite 7 (Table VII) . The dominant 
s pecies in both instances was side-oats grama . However, side-
oats grama occurred in a much more dense stand at site 7. 
Where an understory of salt gr ass was associated with a thin 
stand of s ide -oats grama, the yield wa s practic ally as high 
as where side-oats occurred in a dense stand . This is espec-
ially ev ident at site 6 where t he yield was 3,604.5 pounds 
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TABI.E V. Percentage composition, f r equency , and basal cover 
of the veg etation between soil profile sites . P -
percentage; C - composition; F - frequency (contin-
ued on next page) . 
Sites 1.5 2 . 5 3 . 5 4 . 5 5 . 5 
Species P . C. P . F . P . C . P . F . P . C. P . F . P . C . P . F. P . C . 
Side- oat s grama 76 . 0 78 . 5 84 . 6 70 . 0 69 . 0 71. 4 84 . 4 75 .0 88 . 7 
Little bluestem 13 . 9 13 . 0 0 . 9 1 . 0 1 . 6 
16 . 6 24 . 3 11 . 1 16 . 3 6 . 6 Salt grass 
Big bluestem 











5 . 2 7.5 
2 . 8 4 . 0 2 . 0 2 .9 
0 . 3 0 . 5 0.3 0 . 5 
0 . 8 1 . 5 0 . 9 1 . 4 0 . 8 1 . 3 
1 . 0 1 . 0 9 . 0 3 . 8 9.0 4.3 2 . 5 1 . 9 
1 . 4 1.9 1 . 1 1 .4 0 . 4 
0.3 0.5 2.0 2.9 0 . 4 0 . 6 2 . 7 
0 . 6 1 . 0 
o.9 o.5 1 . 4 1 . 9 o.8 o.6 
100 .0 100 . 0 100 . 0 100 . 0 100 . 6 
19 . 4 16. 5 16 . 9 15 . 2 14 . 3 
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TABIB v. (continued) . 
Sites 5 . 5 6 . 5 7 . 5 8 . 5 9 o5 
s::12ec ies P. F . P . C . P . F . P . C . P . F . P . C . P. F . P . C . P . F . 
Side-oa "G s grama 71 . 1 77 . 6 56 . 5 8 2 . 8 61 . 7 65 . 7 57 . 2 55 . 4 54 . 0 
Little bluestem 1 . 7 10 . 1 8 . 0 
Salt grass 8 . 9 7 . 6 8 . 8 1 . 5 2 . 2 3 . 8 5 . 0 4 . 0 6 . 0 
Big bluestem 10 . 4 10 . 7 
Tall & hairy 0 . 7 1.1 1 . 2 2 . 0 
dropseed 
Western wheat- 0 . 7 1.1 0.9 1 . 7 
grass 
Buffalo grass 1 . 3 1 . 2 22 . 4 16 . l 16 . 5 15 . 3 
Three - awn, spp . 0 . 6 1 . 7 2 . 4 206 3.3 0 . 3 0 . 6 0 . 4 0 . 7 
Sand dropseed 2 . 8 9 . 7 11 . s 9 . 9 10 . 6 5 . 0 6.1 
Texas crabgrass 1 . 7 1 . 8 1.8 2 . 8 1.9 2 . 8 
Blue grama 0 . 4 0 . 6 2 . 0 2.0 
Total 100 . 0 100 . 0 100 . 0 100 . 0 
Basal cover 14 . 3 13 o9 15 . 2 17 . 8 16 . 6 
per acre. 
Little bluestem occurred in practically pure sta~n s 
at sites land 10.5. The yield varied f rom 1,566.4 pounds 
at site 1 to 2,225 .o pounds per acre at t he latter site 
(Table VII). 
When big bluestem occurred in a pure but open stand 
it produced 3,364.1 pounds of f orag e per acre (Table VI I). 
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In a more dense stand and in a more moist season big b l ues t em 
would probably produce a higher y ield. 
Buffalo grass produced a fair ly high y ield des p ite 
its low stature. At site 3 it occ urred in a pure s tand and 
prod uc ed 1, 869.0 pounds of forage per acre. 
The total yield of t he 20 s amp les take n was 46,974.0 
pounds or a n average y ield of 2,348 .7 pounds of f orage per 
acre. Th is was a fairly g ood y ield des pite the s ub-normal 
rainfall f or t he f irst f our months of t he grow i ng s eason. 
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TABIE VI. Sun~~ary of percentage composition, fre quency., and 
basal cover of the vegetation between sit es. 
Species 
Side-oat s gr ama 
Little b luestem 
Salt grass 
Bi g blue s tem 
Tall & hairy dropseed 
Western wheatgrass 
Buff alo grass 































TABLE VII. Forage yields in pounds per acre at separate 
sites. 
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Site Dominant Species Pound s Per Acre 
1 Little b lues tem 1.,566 .4 
1.5 Side-oats grama 2.,03Bol 
2 Side-oats grama 2.,305 .1 
2.5 Side-oats grama 1.,940.2 
3 Buffalo grass 1.,869.0 
3 .5 Side-oats grama. 1.,806.'7 
4 Side-oats grama 1.,139.2 
4.5 Side-oats grama 2.,'723.4 
5 Side-oats graraa 2.,598.8 
5.5 Side-oats grama 1.,014.6 
6 Salt grass and 3.,604.5 
side-oats grama 
6.5 Side-oats grama 2.,50908 
7 Side-oats grama 3 .,'764 .'7 
'7.5 Side -oats grama 2.,038.l 
8 Side-oats grama 2.,945.9 
8.5 Side-oats grama 2,029.2 
9 Side-oats grama 2.,910.3 
9 . 5·* Side-oats grama 2,581.0 
1oit- Big bluestem 3.,364.l 
10.5i!- Little bluestem 2.,225.0 
Average yield 2.,348.'7 
• <-Areas beyond the east end of transect . 
DISCUSSION AND SUMMARY 
It is important t o know t he soil-vegetation relation-
s hips of different rang e sites and little research along this 
line has been done on a chalk flat range s ite . Tne area 
studied was loc ated on a chalk fla ~ ra ng e site in t he north 
half of section 33 , towns h ip 14 s outh , ra nge 31 west , Gove 
County , Kansa s . A l ine transec t was established 175 f eet 
east and 100 feet sout h of t h e northwest corner of t he ab ove 
section, extending eight- tenths of a mile southeast t oward 
the southern tip of the northern gr oup of pyramids . The 
pyramid s are t he f amous Smoky Hill Pyramids ad jac ent t o the 
Smoky Hill r i ver . 
The area lies in the 15 to 19 inch rainfall belt wHh 
t he major portion of the precip i t ation f a l ling d uring t he 
growing seas on . Environme ntal c ondit ions during t he gr owing 
season of 1959 were ra~her ad verse . The mean temperat ure in 
April was 1 . 4 and 0 . 5 degree s below normal at Hea l y and Oak-
l ey , Kansas, res pectively . Temperatures duri ng May , June , 
a nd August were slightly above normal at both stations; wh ile 
during July and September t he mean temperat ur e wa s 2 . 6 to 
4 . 0 degrees below normal . 
Prec i p itation during this period at Elkador, Kans as 
was 2 . 69 inches be l ow norma l . The drought persisted t hr ough 
t he first four months of the growing season with June show-
ing t he gr eatest defic it . Tne r a infall for Apr il , May , June , 
and July was . 65. , . 33 , 2 . 48 , and . 43 inche s , r es pec tively, 
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b elow normal. Precip itation in August a nd September was 
.72 a nd .48 inches above normal . 
A total of n i ne profile descriptions were wr itten a t 
one- t e nt h of a mile intervals a l ong t he l i ne tra ns ec t . These 
de scriptions s h owed t he soils cons i sted of the " Ber ra" s il t 
loam series. They were dee p , light colored, f riable s ilt 
loams a nd light silty clay loams developed on colluv ia l fans 
below Ni obrara cha lkroc k bluf f s. The cons t a nt d e pos i tion of 
r aw chalkr oc k mater ial f rom the b l uf f s above kee p the soils 
i n a y outhfu l state of deve lopment . A mature pr ofile has A, 
B, and C horizons but t hese so i l s d id not posses a B horizon. 
The tex t ure of t he so i ls was obtained by the hydro-
meter meth od . Samples a na l yz ed were collec t ed a t each pro-
fi le s i te and f rom each ma j or hor izon. Tr1e a nalys e s showed 
t he soi l s to c ontain a high clay c onu ent, e s pec ial l y t h e 
second hor i zon. This i s probab l y due to the high perc ent age 
of calcium carbonate pre s ent. Since t he ca lc ium c ar bonate 
particles will f all i n t he clay size ra nge, t hey stay i n sus-
pension wi t h the clay and cause t h e s oils t o show a l arge 
amount of c lay . 
The soils showed a r a t her low organic ma tter content 
wit h t he surface h or i z ons having the largest percentage. 
The pH ranged from 7.1 t? 7. 8 in t he s urface t wo hor i zons 
wh ich is a rather low. pH f or s o i ls of t h is na t ure. The low 
pH 1uay possibly be due to t he concentrati~:m of exchangeable 
potassium present since a n ac c umula tion of s oluble s a lts 
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tend to cause a d epres sed pH. Tne ca l c ium carbona~e content 
varied from 42.1 t o 79 .0 per ce nt. 
The water intake rate of t he soils was determined by 
cy linder infiltr ometers. F ive cy linders were used a t each 
s it e where the intake rate was determined . A tot al of 15 
cylinders were employed at three se parate profi le sites. The 
accumulative int a ke rat e varied from 4 . 64 to 9 .36 inches per 
hour a t the end of a f our hour period a t profile s it e number 
one. The avera ge ac cumulat ive i ntake rat e was 6 . 95 inches 
per hour. Lit tle bluestem (Andropog on scoparius) was t he 
dominant s pec i es a t this site. 
The accumulative inta ke r ate a t prof ile sit e number 
five varied fr om 1.42 t o 3 . 56 inches per hour at t he end of 
four hours with a n averag e accumulative intake of 2 . 57 . 
Side-oats grama (Bouteloua c ur tipend ula ) was t he d omina nt 
s pecies. Tne intake rate at profile site number n i ne was 
slightly higher t han at site five . 
Where little blue s t em wa s d ominant t he inf iltration 
was cons iderably h i gher t han where side-oats grama wa s d om-
inant. The prof ile description, where little bluestem was 
domina nt, s howed that partially weathered cha l kr oc k f ragments 
vary i ng in size from one inch to minute were present t hrough-
out . Whereas, t he descript i ons writt e n where side-oats grama 
wa s dominant generally did not contain rock f ragments. This 
variability of i nt ake rate was probab l y d ue t o t he immature 
nature of the soil. 
A total of 88 pl a nt s pecies were found on t ne re s earch 
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area. Of this total, 2v s pe c ies were gras~ e s, 65 sp~cies 
we r e forbs, and three were s hrubs. The percen tag e c ompos i-
tion, f requency, and basal cover of the v e getation was de te r -
mined by t h e p o int fr a me method. A t otal of 16 1 320 p o i n ts 
were e x ami ned with 2, 6 69 of t h ese p oints interc e pting crowns 
of g rass es. Th i s g ave a n over a l l basa l c ove r of 16 . 4 pe r 
c ent. 
The d ominant spec i es of grass wa s s ide -oat s g r ama. 
I ~ mad e up 75. 9 per cent of t h e s pecies comp os i tion a nd h ad 
a 67.5 per cent f r e quenc y . Lit t le blue s t e m compris ed 3 .2 
pe r c e n t of t h e comp os i tion a nd had a perce ntag e f r e que nc y 
of 2.6. Salt grass (Distich lis stricta) ranked t hird in 
percent a g e composition with 6 .3 pe r ce n~ and ha d a n a ve r ag e 
percentag e frequenc y of 8.8. 
Buf falo grass (Buc h loe dactyluid s) occ urred as p ure 
::1tand is lands on the more leve l, f lat a reas. I t compris ed 
7.1 pe r c ent of t h e c omp os i tion but oc c urred in onl y 4 .6 per 
c ent of t he samples. Bi g blue s t em (Atrl rop og on g erardi) oc-
cup ied the more mes i c habitats a nd compris ed 1.6 per c ent of 
t h e comp osition. Sand dropseed (Sporobolus c r y ptandr us) oc-
c ur r ed practically throughout the re sea rch area b ut c omprfus-
ed only 3.1 per cent of t h e comp osit ion. 
The forag e y ield was determined at the e nd of t he grow-
i ng s e a son by t h e square me ter or clip quad r a t meth od. Cl i p -
p i ng s were made at e ac h profile s i te a nd between eac h s i te 
a long t he transect during t h e first two wee ks of October, 
1959. Tbree add itional quadrats were clipped beyond the 
transect toward the pyramids. The grass was clipped a t 
crown height and air dried. The air dried material wa s 
weighed on a gram scale and t hen converted to. pounds per 
acre. 
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The yield varied from 1,014 . 6 pounds to 3 ,764 .7 
pounds per acre. The dominant s pe cies in both instances was 
sid e -oats grama. Where an unders tory of salt gras s was 
associated with a thin stand of side-oats gr ama , the yield 
was practically as high as where side-oats occ urred in a 
dense stand. This was especially evide nt at site 6 where 
t he yield was 3,604.5 pounds per acre. 
Where little bluestem occurred in nearly pure stands 
t he yield var ied from: 1,566.4 pounds to 2,225.0 pounds per 
acre. When big bluestem occurred in a pure but ope n stand 
it produced 3,364.1 pounds of forage per acre. Tne yield of 
buffalo grass in pure stands wa s 1, 869 .0 pounds per acre. 
The average yield of t h e 20 samples wa s 2, 348 .7 pounds 
of f orage per acre. This was a fairly g ood y ield despite 
the sub-norma l rainfall for t he first four months of the 
growing season. 
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APPEND IX I , A 
Intake rate at pr ofi le description number l (continued on 
next page). 
CyI:i.naer No . I Cylinder N'o. II Cylinder No. II! 
Elap . Time Hook Accum. Time Hook Accum. Time Hook Accum. 
Time of Gage Intake of Gage Intake of Gage Intake 
Read. Re ad . Read. Read . Read . Read . 
Min . In . In . In. In. In . In . 
0 1:08 47 . 6 o.o h09 49 . 5 o.o 1 : 10 49 . 8 o.o 
5 1:13 37 . 8 1 . 96 1 : 14 45 . l 0 . 88 1:15 45 . 6 0 . 84 
10 1:18 33 . 4 2 . 84 1:19 42 . 3 1.44 1:20 43 . 4 1.28 
51 . 2 
20 1:28 37 .1 5 . 66 1 : 29 37 . 5 2 . 40 1:30 39 . 7 2 . 02 
30 1:38 27 . 3 7 . 66 1:39 33 . 0 3 . 30 1: 40 36 . 2 2 . 72 
49 . 3 
45 1:5 3 32 . 6 10 . 96 1 : 5 4 27. 0 4 . 50 1:55 31 . 6 3 . 64 
51 .l 49 . 0 51 . 6 
60 2:08 34 . 8 14.22 2:09 42 . 5 5 . 80 2 : 10 46 . 4 4 . 68 
49 . 9 
90 2 : 38 26 . 9 18 . 82 2 : 39 29 . 5 8.40 2: 40 35.9 6 . 78 
51 .9 49 . 0 50 . 8 
120 3 :08 26 . 2 23 . 96 3 : 09 37 . 3 10 . 74 3:10 41.1 8 . 72 
52 . 5 51 . 1 51 . 9 
150 3 : 38 23 .0 29 . 86 
50.6 
180 4:08 29 . 9 34 . 00 4:09 25 . 0 15 . 96 4 :10 28 . 5 13 . 40 
51 .7 51 . 8 51.3 
210 4:38 31 .4 38 .06 
50 .9 
240 5 : 08 2 8 . 5 42 . 54 5:09 24 .7 21 . 38 5 : 10 28 . l 18 . 04 
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APPENDIX I, A (continued) • 
Cylinder No. N Cylinder No . V 
Elap . Time Hook Ace um. Time Hook Ace um. Average 
T ime of Gage Intake of Ga ge Intake Accwn. 
Read . Read. Read. Read . Intake 
Min. In . In . In. In. In . 
0 1:41 49.7 o.o 1: 42 49.7 o.o o.o 
5 1:46 44 . 1 1.12 1:47 41.0 1.74 1.31 
10 1:51 40.1 1 . 92 1:52 35.5 2o84 2.06 
20 2:01 32 . 7 3 . 40 2:02 22o5 5.44 3.78 
50 . 9 51.5 
30 2:11 42 . 0 5 . 18 2:12 40.9 7.56 5o28 
45 2:26 32.3 7.12 2:27 26.7 10 . 40 7.32 
51 . 1 51 9 
60 2:41 38.3 9068 2:42 33.9 14 . 00 9.68 
51.2 52 .l 
90 3:11 33.2 13.28 3: 12 26.5 19.12 13.28 
50.9 37.8 
120 3:41 30.6 17 . 34 3: 42 20.5 22.58 16.67 
51 . 1 46.3 
150 4:11 31 . 6 21 . 24 4:12 30.l 25. 8 2 
51 . 7 50.9 
180 4:41 28 . 4 25 . 90 4:42 29.5 30.10 23.8 7 
50 . 6 50 . 9 
210 5:11 27 . 1 30 . 60 5:12 32.1 33. 8 6 
50.2 48 . 8 
240 5:41 26 . 9 35 . 26 5:42 33.6 36 . 90 30 . 82 
58 
APPENDIX I, B 
Intake rate at profile d e scription number 5 (cont inued on 
next page) o 
Cylinder No .. I Cylinder No. I ! Cyl inder No. IfI 
Elap . Tilne Hook Accum. Tilne Hook Ac c um. T ime Hook Accum. 
Time of Gage Intake of Ga ge Intai:ee of Ga g e Intake 
Read. Read. Read. Read. Read . Re ad . 
Min . In. In. In . In . In. In . 
0 1:02 51 .3 o.o 1:03 52 . 8 o.o 1:04 5 1. 6 o.o 
5 1 : 07 49 .3 0.40 1:08 49 . 6 0.64 1:09 48 .2 0. 68 
10 1:12 47 . 8 0.70 1:13 47. 8 1.00 1:14 45 . 8 1.16 
20 1:22 45.8 1.10 1:23 44 . 3 1 . 70 1: 24 42 . 3 1 . 86 
30 1:32 42.6 1.74 l:03 42 .0 2.16 1:34 39 .6 2.40 
45 1:47 39.5 2.36 1:48 38 .1 2 . 94 1:49 35 .7 3 .18 
54.9 
60 2 :02 36 06 2o94 2:03 34 .7 3. 62 2 : 04 49 . 6 4 . 24 
52 . 5 52.8 
90 2 :32 46 .l 4.22 2:33 44 . 4 5.30 2: 34 41 .0 5 . 96 
120 3 : 02 39 . 3 5 . 58 3 :U3 36 . 3 6 . 92 3:04 32 . 8 7. 60 
51.0 54 .l 53.6 
180 4:02 36 .8 8 . 42 4 :03 36 . 2 10050 4 : 04 34 . 6 11. 40 
50.8 51.7 51.8 
240 5:02 36.5 llo28 5:03 35 . 6 14 .02 5 :04 34 .0 14 . 96 
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APPENDIX I, B (continued ) . 
Cylinder No. N Cylinder No . V 
Elap . Time Hook Accum. Time Hook Ace um. Average 
Time of Gage Intake of Gage Intake Ace um. 
Read-... Read. Read. Read . Intake 
Min . In . In . In. In. In . 
0 1:35 52 .0 o.o 1:36 51 .0 o.o o.o 
5 1:40 49 . 6 0.48 1:41 48 . 8 0 . 44 0.53 
10 1: 45 48 .3 0.74 1: 46 48 . 2 0 . 56 0.83 
2 0 1:55 46 . 8 1.04 1:56 46 . 8 0.84 1.31 
30 2 :05 45 . 2 1.36 2:06 4 .6 1.08 1.75 
45 2 :20 43 . 4 1.72 2:21 44.l 1.38 2.32 
60 2:35 41 . 4 2 .12 2:36 42.6 1 . 68 2 .92 
90 3:05 37.9 2.82 3 :06 39 . 7 2o26 4 . 11 
120 3:35 34 . 3 3 . 54 3 :36 36 .7 2 . 86 5 . 30 
50 . 6 51.6 
180 4 : 35 41 . 7 5.32 4 : 36 43 . 5 4 . 48 8 .02 
240 5:35 34 .4 6 . 78 5:36 36 . 4 5.90 10.59 
60 
APPENDDC I, C 
Int ake rate 
next . page ). 
at profile description number 9 (continued on 
Cylinder No. I Cylinder No . II Cylinder No. III 
Elap . Time Hook Ac cum. Time Hook Acc um. Time Hook Accum. 
Time of Gage Intake of Gage Intake of Gage Intake 
Read . Read . Read . Read . Read. Read. 
Min. In. In . In. In . In . In o 
0 10:13 51 . 3 o.o 10: 15 50. 4 o.o 10 : }.7 50 .2 o.o 
5 10:18 48 . 8 0.50 10:20 47 o2 0 . 64 10:28 44 .5 1.14 
10 10 : 23 48 . 3 0.60 10:25 45 . 6 0.96 10: 27 40 .7 1.90 
20 10:33 47 .0 0.86 10:35 42 . 4 1 . 60 10:37 35 . 9 2.86 
53 .1 
30 10:43 45.6 1.14 10:45 40 . 1 2 . 06 10:47 47 . 5 3 . 98 
45 10: 58 44 .2 1.42 11:00 37 . 1 2 . 66 11:02 40 . 0 5 . 48 
60 11:13 43 .0 1. 66 11 : 15 34 .l 3 . 26 11:17 33 . 5 6 . 78 
52 . 8 53 . 3 
90 11: 43 40 .4 2.18 11:45 45 .7 4 . 68 11:47 39 . 9 9. 46 
53 . 3 
120 12:13 38 .0 2 . 66 12: 15 39 . 4 5.94 12:17 37.9 12 . 54 
51.2 52 .2 54 . 3 
180 1:13 44 .7 3 . 96 1: 15 37 .1 8 . 96 1:17 24.2 18 . 56 
52 .0 54 .1 
240 2:13 38.5 5.20 2:15 36 . 4 12.00 2:17 23 .4 24 . 70 
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APPENDIX I , C (continued) • 
Cylinder No . rv Cylinder No . V 
Elap . Time Hook Accumo Time Hook Ace um. Average 
Time of .Ga ge Intake Of Ga ge Intake Accum. 
Read o Read . Re ad. Read . Intake 
Min . In. In . In . In . In . 
0 10:49 51 . 6 o.o 10: 56 49 . 7 o.o o.o 
5 10:54 46 . 2 1 . 08 11:01 46 . 6 0.62 0 . 8 0 
10 10:59 43 . 5 1. 62 ll:06 44 .9 0 . 96 1 . 2 1 
20 11 : 09 38 . 8 2.56 11 : 16 40. 9 1.76 1 . 93 
30 11: 19 35 . l 3 . 30 11 : 2 6 38 . 1 2.32 2 . 56 
50.3 
45 11:34 43 o7 4 . 62 11: 41 34 . 5 3 . 04 3 . 44 
50.7 
60 11 : 49 3 8 .0 5 . 76 11 : 56 46 . 7 3 . 84 4 . 26 
90 12 : 19 28 . 6 7 . 64 12:26 38 . 6 5 . 46 5 . 88 
51 . 9 
120 12 : 49 39 . 4 10 . 14 12:06 31.5 6. 88 7o 63 
52 o3 51 . 5 
180 1: 49 27 . 2 15 . 16- ., 1 : 56 34 . 5 10 . 28 11 . 38 
51 . 5 52 . 1 
240 2 : 49 26 . 4 20 . 18 2: 56 34 . 0 13 . 90 15 . 21 
APPENDIX II 




Andropog on scoparius 
Aristida fendleriana 
Ar ist ida long is eta 












Sporobolus asper var . pilosus 
Sporobolus cryptandrus 












Astragalus missouriens is 
Astragalus pectinatus 








Wooten three - awn 
Purple three - ~wn 
Side -oata grama 
Blue grama 
Buf falo grass 
Windmil l grass 
Salt grass 
Fall witchgrass 
Old wit chgrass 








Narrow leaf four o'cloc k 
Western ragweed 
Texas sandwort 
White prickly poppy 
Kansas sage 
Broadleaf milk-we ed 
Plains milk1Need 
Green milkwe ed 
Heath aster 





APPEND IX II (c ontinued) 
A~tragalus s hortianus 





Cirsium undu l a~um 
Comandra pallida 





Gutierrezia, ~ · 
Helianthus annuus 
Hoffmansegg ia Jamesii 
Kuhnia g lutinosa 
Lactuca campestris 
Liatris puncta t a 
Linum r ig idum 
Litpia c uneifolia 
Li hospermum line arifolium 
Lyg odesmia juncea 
Malvastrum cocc ineum 
Meriolix serrula~a 
Morongia uncinata 
Opuntia macrorrh iza 
Parosela aurea 
Parose l a enneandra 
Pentstemon albidus 
Pentstemon, sp . 
Pt:,po f oet idissimus 
Pllysalis comata 
Phys a lis lanceolata 
Pnys alis, ~ • 
uincula lobata 
Ra t ibida columnifera 
Utah loco 
Green violet 
Purple poppy mallow 
restern wallflower 
Narrow leaf lambsquarter 
Yellow spine thistle 
Wavyleaf thistle 
Common c omandra 
Snow-on-the - mountain 
Hairy evolvulus 
Biennial gaura 
Scarle t gaura 
Br oom snakewe ed 
Common sunflower 
Little leaf rushpea 
Prairie false - boneset 
Wild lettuce 
Dotted gayfeather 
st ::.f fs tem flax 
F og f ru it 
Narrow leaf puccoon 
Rush s keleton weed 
Sa l mon colored ma l low 
Serrated - leaf evening 
primr ose 
Cat claw sensitivebrier 
Pric kl y pear cactus 
Golden parosela 
Slender parosela 
Wh ite beard tongue 
Wild gourd 
Ovate leaf ground cherry 
Slender leaf gro und cherry 
Plains chinese lantern 
Prairie coneflower 






Tetraneu.r is stenophylla 
Thelesperma gracile 
Townsendia exscapa 
Tr ag opogon pr atensis 
v~rbena bipinnatifida 
Verbena stricta 
Atr i plex canescens 






Desert princes plume 













Chemical characteristics of the Smoky Hill member. of the Nio-
brara formation . 
Sample Cao D. L. o. r. s102 TiOt:! AI 2 o3 Fe2o3 SrO No. 600()/1000°c 
7 35 .77 27.62 19.54 0.30 5 . 05 2.33 0.77 
40 . 60 30.65 14.17 0.81 3.43 1.88 
12 46.08 33 .59 7.64 0.17 2.04 lo39 0 . 51 
46.50 33.92 7 . 69 0 . 08 2.38 1.49 
MgO D. L. o. I. lVIn02 K2 0 Na 2 0 P205 S03 550°i60o0 c 
7 1.17 1.82 nil 0.91 o.os 0.10 2.13 
0.07 0 . 77 0.47 0.06 2 . 89 
12 0.65 1. 46 nil Oo24 0.06 0.05 1.16 
0.60 1.00 0.12 0.05 2 . 61 
D. L. o. I . s Total Organic 
105°/sso0 c Matter 
7 3.03 trace 99.85 much 
2.17 99.74 
12 3.23 98 . 22 some 
3o38 100.38 
*Tc:t.ken from Table 3, Chemical Ana lyses (Miller, 1958:135-137). 
